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VLQJOHSDWWHUQ PDWFKLQJ DOJRULWKPV DUH %R\HU0RRUH DQG .QXWK0RUULV3UDWW .03 7KH PRVW IDPRXV PXOWL
SDWWHUQ PDWFKLQJ DOJRULWKPV DUH:XPDQEHU DQG $KR&RUDVLFN $& DOJRULWKPV $OVR DFFRUGLQJ WR GLIIHUHQW
IRUPVRIUXOHVSDWWHUQVFDQEHLQWKHIRUPRIVLPSOHSDWWHUQRUUHJXODUH[SUHVVLRQUHJH[3URFHVVLQJUHJH[LVPRUH
FRPSOLFDWHGWKDQSURFHVVLQJVLPSOHSDWWHUQV,QWKLVSDSHUZHIRFXVRQUHJH[$UHJH[LVDFRQFLVHIRUPDWWRVSHFLI\
D VHW RI VLPSOH SDWWHUQV LQVWHDG RI VSHFLI\LQJ WKHP LQGLYLGXDOO\ )RU H[DPSOH WKH SDWWHUQ VHW FRQWDLQLQJ WKUHH














SDWWHUQ 7KHUH DUH YDULRXV UXOHV OLNH YHUWLFDO EDU ³_´ DVWHULVN ³´ TXHVWLRQPDUN ³"´ RU SOXV VLJQ ³´ LQ UHJXODU
H[SUHVVLRQVDQGVRPHRIUXOHVKDYHKLJKHUSULRULWLHVWKDQWKHRWKHU7KHSDUVHWUHHKHOSVXVWRNQRZZKLFKUXOHZLOO
EHKDQGOHG ILUVW DQGZKLFKRQHZLOOEHKDQGOHG ODWHU6RPHDOJRULWKPVPD\ WUDQVIRUP WKHSDWWHUQV LQWR WKHSRVW
RUGHUIRUPZLWKWKHVDPHUHDVRQ7KHILUVWV\PEROLQSRVWRUGHUIRUPZLOOEHKDQGOHGILUVWDQGVHFRQGV\PEROZLOO





UHFHQW\HDUV1)$DSSURDFKHVKDVEHHQDWWUDFWLQJPXFKDWWHQWLRQEHFDXVH WKHVSHHGRI WKHVHDSSURDFKHV LVPXFK
IDVWHULI*38*UDSKLF3URFHVVLQJ8QLW)3*$)LHOGSURJUDPPDEOHJDWHDUUD\RUVRPHVSHFLDOKDUGZDUHDUHXVHG
7KH VHFRQGDOJRULWKPEXLOGV D GHWHUPLQLVWLF ILQLWH DXWRPDWD ')$')$ LV H[WUHPHO\ IDVW EXW LWPD\QHHG D
ODUJH DPRXQW RI PHPRU\ WR VWRUH WKH ')$ WUDQVLWLRQ WDEOH EHFDXVH WKH JLYHQ UHJXODU H[SUHVVLRQV FDXVH WKH
H[SRQHQWLDO VWDWH H[SORVLRQ )RU WKLV UHDVRQ ZH XVXDOO\ GR VRPH RSWLPL]DWLRQ IRU ')$ WR UHGXFH WKH PHPRU\
FRQVXPSWLRQ 7KH GLIIHUHQFH EHWZHHQ DQ 1)$ DQG D ')$ LV WKDW D ')$ UHTXLUHV RQO\ RQH VWDWH WUDYHUVDO SHU
FKDUDFWHU EXW LW XVXDOO\ QHHGV PXFK PRUH PHPRU\ WKDQ DQ 1)$ 7KHUHIRUH PDQ\ ZRUNV KDYH EHHQ SURSRVHG
UHFHQWO\ZLWK WKHJRDORIPHPRU\ UHGXFWLRQ IRU')$V ,Q WKLVSDSHUZHZLOOSURSRVH WZR WHFKQLTXHV WR LPSURYH








WUDQVLWLRQV+RZHYHU WKLV DXWRPDWRQ KDV İWUDQVLWLRQVZKLFK FDQ EH SDVVHG WKURXJKZLWKRXW UHDGLQJ D FKDUDFWHU
$QRWKHU SRSXODU1)$ FRQVWUXFWLQJPHWKRG LV*OXVKNRY¶V DOJRULWKP:H FDOO WKH DXWRPDWRQ FRQVWUXFWHG E\ WKLV
PHWKRG*OXVKNRY1)$$Q1)$GRHVQRWUHTXLUHLQSXWV\PEROVIRUVWDWHWUDQVLWLRQVZKLFKZHXVXDOO\XVHHSVLORQ
V\PEROİUHSUHVHQWVWKLVVLWXDWLRQDQGLVFDSDEOHRIWUDQVLWLRQLQJPRUHWKDQRQHQH[WVWDWHIRUDQLQSXWV\PEROEXW
*OXVKNRY1)$V GRQ¶W KDYH İWUDQVLWLRQVZKLFKPHDQV LW UHTXLUH LQSXW V\PEROV IRU HDFK VWDWH WUDQVLWLRQV VRZH





LVDQRWKHUZD\ WRFRQVWUXFWDQ1)$7KHSURSRVHGDOJRULWKPFRQYHUWVDQDUELWUDU\ UHJH[ LQWRDQ1)$FDSDEOHRI







'HOWD)LQLWH$XWRPDWDį)$ LVD UHSUHVHQWDWLRQRI')$WKDWFRQVLGHUDEO\UHGXFHV WKHQXPEHUVRI WUDQVLWLRQV
į)$ H[DPLQHV RQH VWDWH SHU FKDUDFWHU RQO\ DQG WKXV UHGXFHV WKH QXPEHU RIPHPRU\ DFFHVVHV DQG VSHHGV XS WKH
RYHUDOOVHDUFKSURFHVVį)$LVRUWKRJRQDO WR WKHRWKHUDOJRULWKPVVXFKDV;)$VDQG+F)$7KHPDLQ LGHDRI
į)$ FRPHV IURP WKH REVHUYDWLRQV VKRZLQJ WKHPRVW GHIDXOW WUDQVLWLRQV DUH GLUHFWHG WR VWDWHV FORVHU WR WKH LQLWLDO
VWDWHV DQG WKHPRVW WUDQVLWLRQV IRU D JLYHQ LQSXW FKDUDFWHU DUH GLUHFWHG WR WKH VDPH VWDWH %\ HODERUDWLQJ RQ WKLV




%HIRUH LQWURGXFLQJ WKHSURSRVHGVFKHPHZHZLOO ILUVWGHVFULEH WKHFODVVLFDOSURFHGXUHRIEXLOGLQJ')$V7KH
ILUVWVWHSRIWKH')$EXLOGLQJSURFHGXUHEXLOGVDSDUVHWUHHIRUWKHJLYHQSDWWHUQ9DULRXVIHDWXUHVWKDWFDQUHSUHVHQW
WKHYDULHW\RIWKHUHJXODUH[SUHVVLRQVLQFOXGHYHUWLFDOEDU³_´WKHDVWHULVN³´TXHVWLRQPDUN³"´DQGWKHSOXVVLJQ
³´$OVRVRPHRIUXOHVKDYHKLJKHUSULRULW\ WKDQ WKHRWKHUV7KHSDUVH WUHHKHOSVXV WRNQRZZKLFKUXOHZLOOEH
KDQGOHGILUVWDQGZKLFKRQHZLOOEHKDQGOHGODWHU7KHVHFRQGVWHSEXLOGVDQ1)$IURPWKHSDUVHWUHH7KRPSVRQ
1)$DQG*OXVKNRY1)$DOJRULWKPVDUHWZRW\SLFDOPHWKRGVWRFRQVWUXFW1)$V7KHWKLUGVWHSFRQYHUWVWKH1)$
LQWR D ')$ E\ XVLQJ VXEVHW FRQVWUXFWLRQ DOJRULWKP:H FDQ XVH WKH ')$ WR SHUIRUP WKH UHJH[ PDWFKLQJ 7KH
DGYDQWDJHLVWKDWVHDUFKLQJLQ')$VLVYHU\IDVWEHFDXVHLWKDVRQO\RQHDFWLYHVWDWHLQHDFKF\FOH+RZHYHU')$V
KDYH LWV RZQ SUREOHP FDOOHG H[SRQHQWLDO VWDWH EORZXS RU VWDWH H[SORVLRQ ZKHUH WKHUH DUH WRRPDQ\ VWDWHV DQG
WUDQVLWLRQV LQ D')$ 6WDWH EORZXS SUREOHP OHDGV WR H[FHVVLYHPHPRU\ UHTXLUHPHQW WR VWRUH D')$ 7KHUHIRUH
PDQ\ZRUNVKDYHEHHQUHFHQWO\SUHVHQWHGZLWKWKHJRDORIPHPRU\UHGXFWLRQIRU')$VOLNH')$RUį)$
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VHJPHQWLQJWKHSDWWHUQVZLWK³&RXQWLQJ&RQVWUDLQWV´DQG³.OHHQH6WDU´ZKLFKXVXDOO\FDXVHVWDWHEORZXS
3.1 CSDFA 










$ VFKHPH FDOOHG 3DUDOOHO )DLOXUHOHVV$& 3)$& LV D PXOWLWKUHDGLQJ SDWWHUQ PDWFK DOJRULWKP GHVLJQHG IRU
*UDSKLF3URFHVVLQJ8QLW*383)$&DVVLJQVDWKUHDGWRHDFKV\PERORILQSXWVWULQJWRVWDUWLWVPDWFKLQJSURFHVV
(YHU\WKUHDGH[HFXWHV3)$&DOJRULWKPWRILQGDPDWFKHGSDWWHUQEHJLQQLQJDWLWVVWDUWLQJSRVLWLRQ,IDWKUHDGFDQQRW









VDPHQH[W VWDWHZLWK LQSXW V\PERO µ$¶DQG µ%¶ZHFDQUHPRYH WKH V\PERO µ%¶ LQ WKH WUDQVLWLRQ WDEOH/LNHį)$
&6')$KDVDELWELWPDSWRUHFRUGZKHWKHUWKHQH[WVWDWHLVFKDQJHG,IWKHQH[WVWDWHZLWKDQLQSXWV\PEROLV
GLIIHUHQW IURPLWV IRUPHU WUDQVLWLRQV WKHFRUUHVSRQGLQJELW LQELWPDSWDEOHZLOOEHVHW WREH)LJXUHVKRZV WKH









3.2 CSDFA with pattern segmentation 
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VHSDUDWHO\,WZDVWHVPHPRU\WRFUHDWHVWDWHVIRU WKHVDPHDWRPVRUVXESDWWHUQV6RZHVHJPHQW WKHSDWWHUQV LQWR
VHYHUDOSLHFHVDQGFRQYHUWHDFKSLHFHWRDQ1)$VHSDUDWHO\7KHQZHFRQFDWHQDWHDOOWKHVH1)$VE\PHUJLQJWKHLU
LQLWLDOVWDWHV)LQDOO\WKLVPHUJHG1)$LVFRQYHUWHGLQWR')$E\WKHVXEVHWFRQVWUXFWLRQDOJRULWKP
)LJXUH VKRZV WKHEXLOGLQJSURFHVV IRUSDWWHUQ $%^`7KHSXUSRVHRI WKLV VFKHPH LV WRPHUJH VLPLODU
SDUWVRI)$VIRUUHGXFLQJWKHVWDWHVDQGWUDQVLWLRQV:KHQZHFRQYHUWWKH1)$LQWRD')$ZHDOVRPHUJHWKHVWDWHV
DQG WUDQVLWLRQV RI WKH 1)$ EUDQFKHV FRUUHVSRQGLQJ WKH VDPH VXESDWWHUQV 7KH EHQHILWV RI WKLV VFKHPH GRHVQ¶W
UHTXLUHWKHSDWWHUQPXVWEHVHTXHQWLDORULQDVLQJOHSDWWHUQ
7KH.OHHQHVWDUFRQGLWLRQPHDQV]HURRUPRUHWLPHVRIUHSHWLWLRQVIRUVRPHDWRPV,WPD\OHDGWRVWDWHEORZXS









VWDWHV RI1)$ EXLOW IURP WKH VXESDWWHUQV VHJPHQWHG IURP RULJLQDO SDWWHUQV )RU WKLV UHDVRQ WKH GHSWKV RI WKHVH
1)$VFDQQRWEHWRRGLIIHUHQW,WLVLQHIILFLHQWWRPHUJHVWDWHVLIWKHVRPHEUDQFKHVRI1)$LVPXFKORQJHUWKDQWKH
RWKHUV:HXVHWKHPD[LPXPGHSWKOLPLWLQRXUVHJPHQWDWLRQSURFHVVDVIROORZV:HFRPSXWHWKHGHSWKRI1)$IRU
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ZLWK PD[ GHSWK RI WZR DUH EHWWHU EXW VRPH DUH QRW )RU H[DPSOH WKH EHVW PD[ GHSWK LV WKUHH IRU SDWWHUQ
$%&$%&$%&$%&:HSURSRVHWRWHVWDOOWKHSRVVLEOHPD[GHSWKVDQGILQGWKHEHVWRQHWKDWOHDGVWRWKHOHDVW
QXPEHURIWKH')$¶VVWDWHV)LQDOO\DOOWKH')$VEXLOWIURPHDFKSDWWHUQZLOOEHPHUJHGLQWRDILQDO')$IRUVHDUFK
%HFDXVH WKH SDWWHUQ KDYH EHHQ VSOLW LQWR VHYHUDO VHJPHQWV ZH QHHG DPDUN FDOOHG 6XE 3DWWHUQ ,' 63,' WR
LGHQWLI\LWVRUGHULQWKHRULJLQDOSDWWHUQ:HDOVRQHHGWRUHFRUGWKHQXPEHURIVXESDWWHUQVIRUHDFKSDWWHUQ:KHQ








PRUH WKDQRQH VHDUFKVWDWHVZKHQZH UHDFKHV WKH DFFHSWHG VWDWH LQ')$ VRZH VWRUH WKHVH VHDUFK VWDWHVE\ D OLVW
FDOOHG³VOLVW´
([SHULPHQWUHVXOWV
,Q WKLV VHFWLRQZHZLOO VKRZRXU VLPXODWLRQ HQYLURQPHQW DQG WKH SHUIRUPDQFH HYDOXDWLRQ:H VHW XS VHYHUDO
H[SHULPHQWVZLWKGLIIHUHQW UXOH VHWV IURP6QRUWDQG%UR ,QDGGLWLRQZHDOVRFRPSDUH WKHPHPRU\RYHUKHDGDQG
VSHHG SHUIRUPDQFH $OO WKH H[SHULPHQWV DUH H[HFXWHG LQ D VLQJOH PDFKLQH 7KH PDFKLQH DQG HQYLURQPHQW
VSHFLILFDWLRQVDUH,QWHO5&RUH70L.&38RI*+]ZLWK*%''58EXQWX/76ELWDQG
*&&&RPSLOHU
 6QRUW 6QRUW %UR
RISDWWHUQV   
$6&,,OHQJWKUDQJH   
RIZLOGFDUGV   
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RULJLQDO ')$ į)$ GRHVQ¶W GHFUHDVH WKH QXPEHU RI VWDWHV EXW UHGXFHV  RI WUDQVLWLRQV QHHGHG LQ ')$ 7KH




WKH PHPRU\ HIILFLHQF\ E\ UHGXFLQJ WKH QXPEHUV RI VWDWHV DQG WUDQVLWLRQV 7DEOH E VKRZV WKH PHPRU\
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IURPWKHEHJLQQLQJRISDWWHUQV)RUH[DPSOHLQ)LJXUHWKHQXPEHURIWUDQVLWLRQVLQį)$KDVRQO\UHGXFWLRQ
FRPSDUHGWR')$LQ%UR7KHVLPLODUUHVXOWVIRUSDWWHUQVHWVQRUWDUHVKRZQLQ7DEOHFZKHUHWKHUHVXOWV
IRU SDWWHUQV ZLWK µ¶ SUHSHQGHG LQ WKH EHJLQQLQJ FDQQRW EH FRPSXWHG GXH WR VWDWH EORZRXW SUREOHP )LJXUH 
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